Autism is a developmental disorder with prenatal origins, currently estimated to affect 1 in 91 children in the United States. Social-emotional deficits are a hallmark of autism and early neuropathology studies have indicated involvement of the limbic system. Imaging studies demonstrate abnormal activation of the posterior cingulate cortex (PCC), a component of the limbic system. Abnormal activation has also been noted in the fusiform gyrus (FFG), a region important for facial recognition and a key element in social interaction. A potential imbalance between excitatory and inhibitory interneurons in the cortex may contribute to altered information processing in autism. Furthermore, reduced numbers of GABA receptors have previously been reported in the autistic brain. Thionin-stained sections were used to qualitatively assess cytoarchitectonic patterning and quantitatively determine the density of neurons and immunohistochemistry was used to determine the densities of a subset of GABAergic interneurons utilizing parvalbumin-and calbindin-immunoreactivity. In autism, the PCC displayed altered cytoarchitecture with irregularly distributed neurons, poorly demarcated layers IV and V, and increased presence of white matter neurons. In contrast, no neuropathology was observed in the FFG. There was no significant difference in the density of thionin, parvalbumin, or calbindin interneurons in either region and there was a trend towards a reduced density of calbindin neurons in the PCC. This study highlights the presence of abnormal findings in the PCC, which appear to be developmental in nature and could affect the local processing of social-emotional behaviors as well as functioning of interrelated areas.
Introduction
Autism is a pervasive developmental disorder with a clinical onset prior to 3 years of age, characterized by deficits in communication, stereotypic behaviors, and restricted interests that may coexist with other conditions, including seizures and mental retardation [APA, 1994; DSM-IV-R] . Recent studies have determined that the prevalence of autism is considerably higher than previously reported and is now estimated to affect 1 in 91 individuals in the United States [Kogan et al., 2009] . Although the etiology of the disorder is unknown, there is a strong correlation between autism and genetic factors, with estimates of the heritability up to 90%, possibly with multiple genes interacting with environmental factors, prenatally and/or postnatally [Glasson et al., 2004; Gupta & State, 2007; Veenstra-Vanderweele, Christian, & Cook, 2004] . Bauman and Kemper [1985] were the first to carry out systematic, qualitative investigations of the postmortem brain in autism and reported that the pathology observed was largely confined to the limbic system, an area implicated in memory and emotion [Papez, 1937] and to the cerebellum and regions related to it. Later analyses have confirmed abnormalities throughout the limbic system, including involvement of the amygdala, hippocampus, and anterior cingulate cortex [Lawrence, Kemper, Bauman, & Blatt, 2010; Schumann & Amaral, 2006; Simms, Kemper, Timbie, Bauman, & Blatt, 2009 ] as well as scattered cytoarchitectonic abnormalities in other cortical areas [Bailey et al., 1998; Casanova, 2004; Casanova, Buxhoeveden, & Brown, 2002a; Casanova, Buxhoeveden, Switala, & Roy, 2002b; Levitt et al., 2004; Mukaetova-Ladinska, Arnold, Jaros, Perry, & Perry, 2004; Palmen, van Engeland, Hof, & Schmitz, 2004; Palmen et al., 2004] . Microscopic abnormalities involving the cerebellum and related circuits in the brain stem have been associated with the presence of reduced numbers of Purkinje cells, the most frequently reported finding in the autistic brain [Bauman and Kemper, 2005; Palmen et al., 2004; Whitney, Kemper, Bauman, Rosene, & Blatt, 2008] . Analyses of these abnormalities in the forebrain and brain stem suggest that they can best be understood as perturbations of prenatal brain development [Bauman & Kemper, 1985; Kemper, 2010; Whitney et al., 2008] and thus precede the onset of the clinical symptoms of the disorder. All of these pathological changes have been noted in some postmortem autistic brains but there are none that have been found in all cases, making clinical pathological correlations difficult. These inconsistent findings may reflect differences in tissue sampling in these various studies, the presence or absence of co-morbid medical conditions such as seizures and/or the heterogeneity of the disorder.
In the present study, we have examined two regions of interest, the posterior cingulate cortex (PCC) and the fusiform gyrus (FFG), likely significant substrates responsible for some autistic behavior. One region (PCC) is an integral component in the limbic system, activated by emotionally salient stimuli, that may have a role in the interactions between emotion and memory for faces [Maddock, 1999] and the other, the FFG, is a visual association area. Additionally, the PCC is part of the default network, a set of brain structures activated when an individual is not focused on the outside world and the brain is focusing on internal tasks such as daydreaming and memory retrieval [Buckner et al., 2008; Greicius et al., 2003 ]. The FFG is also part of networks involved in object recognition and face processing, clinical features previously reported to be affected in autism [Kennedy & Courchesne, 2008; Kleinhans et al., 2008; Li et al., 2009] . The FFG has been suggested to be abnormal in autistic individuals based on its role in face processing in typically developing individuals [Kanwisher, McDermott, & Chun, 1997] and on the results of numerous functional imaging studies in autistic individuals [e.g. Pierce, Müller, Ambrose, Allen, & Courchesne, 2001] . It is therefore possible that disruptions in one or both of these regions through connectivity between the PCC and FFG may result in disrupted socio-emotional behaviors. The functional consequences of excitatory:inhibitory disturbances within these regions may have profound effects on this cortical circuitry. Interneurons regulate the degree of excitation in the cortex and may be important for information processing across cortical networks. In addition, minicolumn organization has been attributed to the highly ordered arrangement of neurons and processes, including specific subpopulations of interneurons [DeFelipe, 2002; Mountcastle, 1997; Mountcastle & Powell, 2003] . To date, only one neuropathology report has described reduced density and neuronal volume in the FFG [van Kooten et al., 2008] .
In this present study, we have qualitatively examined the cytoarchitecture of both the PCC and FFG regions and, have conducted a quantitative assessment of the density of thionin-stained neurons, and of a subset of GABAergic (parvalbumin-and calbindin-immunoreactive) interneurons.
Methods

Brain Tissue
Formalin-fixed autism and control brain tissue from the PCC and FFG was obtained from the Autism Research Foundation, the Autism Tissue Program, Harvard Brain Tissue Resource Center, and the NICHD Brain and Tissue Bank for Developmental Disorders at The University of Maryland Brain and Tissue Bank. All cases met criteria for autism based on administration of a telephone version of the ADI-R and the DSM-IV. A total of 30 blocks (from both regions combined; 15 autism and 15 control) were obtained and stored at À201C. A subset of the total cases were used in each study due to the availability of tissue from each region. In the PCC study, eight autism and eight control cases were used. In the FFG study, nine autism and seven controls were used. Note that two cases (3711 and 3916) were used in both the PCC and FFG studies. Tables 1 and 2 provide detailed information regarding the cases used in the present study, including cases that were used in each of the three cell counting studies. In the PCC studies, the postmortem autistic brains ranged in age from 19 to 54 years and from 20 to 63 years in the control cases. Of the known postmortem intervals (PMI), the range in the autism group was 3-48 hr and in the control group, 5-24 hr (see Table 1 for mean values). In the FFG studies, the postmortem autistic brains ranged in age from 14 to 32 years and from 16 to 36 years in the control group. The PMI in the autism group ranged from 8.3 to 26 hr and in the control group from 5 to 26.2 hr (see Table 2 for mean values). There is no difference in age between autism and control cases in either region and no difference exists in the subgroups used. Note that there are five cases from the autism group (three from PCC, three from FFG that had a history of at least one seizure (3845, 4414, 3711, 5173, 6677) . Subjects with a diagnosis of Asperger's syndrome and other autism spectrum disorders (i.e. pervasive developmental disorder not otherwise specified) were excluded from the study.
Case Data
Regions of Interest
Posterior cingulate cortex (Brodmann Area 23) . The PCC (BA 23) has a prominent layer IV and a less prominent layer V [Vogt, Nimchinsky, Vogt, & Hof, 1995] when compared to the adjacent anterior cingulate cortex. Blocks from the posterior cingulate (BA 23) were removed, and Nissl-stained sections were used to differentiate BA 23 from the surrounding areas based on cytoarchitectonic patterning [Vogt, Vogt, & Laureys, 2006] .
Fusiform gyrus (Brodmann Area 37) . The FFG (occipitotemporal gyrus) extends the length of the inferior occipitotemporal region, bound medially by the collateral sulcus and parahippocampal gyrus and laterally by the occipitotemporal sulcus in humans. BA 37 is a subdivision of the cytoarchitectually defined temporal region of cerebral cortex, located primarily in the caudal portions of the FFG and inferior temporal gyrus [Brodmann, 1909] . Although there are not cytoarchitectonic boundaries for the fusiform face area, every attempt was made to include the area in this study [Kanwisher et al., 1997] . The FFG has been characterized by von Economo [1927, 2009] and observed in our samples to have the following characteristics. Layer I is slightly thicker on average than other cortical regions. Layer II is not very dense in cells, while Layer III is relatively thick and has a great number of medium-sized ''X'' in the columns indicates that the case was used in the study. The estimated average time in fixative prior to tissue processing is given for autism cases and control cases. ''X'' in the right hand columns indicates that the case was used in the study. The average PMI in the controls is only for the six cases with known PMI. The estimated average time in fixative prior to tissue processing is given for seven known autism cases and five control cases. a Indicates a history of seizure.
pyramidal cells. Layer IV is compact with large granule cells, arranged in columns. Layer V is divided into a thin superficial sublayer Va and is composed of densely packed, small, triangular cells, and a deeper sublayer Vb with large cells, that are less densely arranged than Va. Layer VI is relatively thin and has a compact layer VIa with large triangular and spindle-shaped neurons and a deeper layer VIb which is thinner than other areas but contains spindle cells.
The FFG was differentiated from the adjacent inferotemporal cortex and parahippocampal gyrus based on the differences in cytoarchitecture [von Economo, 1927 [von Economo, , 2009 . The inferotemporal cortex has a thin layer II and three distinguishable sublayers in layer III (IIIa, IIIb, and IIIc) with layer IIIc containing large cells. Layer IV is segments in vertical columns and Layer V is rich in large cells disposed in fine, radial columns. Layer VI is thick and rich in large cells disposed in radial columns with the superficial containing robust spindle cells, and similar but fewer in the deeper layer VI. The parahippocampal gyrus is characterized by a nonuniform layer II with numerous darkly stained neurons; the lack of a layer IV makes layers III and V to be directly apposed. Layer V is also recognizable by its big and darkly stained neurons. Layer VI contains triangular spindle-shaped cells.
Processing of tissue. Blocks were immersed in a cryoprotectant solution (10% glycerol, 2% DMSO) overnight at 41C, then for 2 days in a second solution (20% glycerol, 2% DMSO) to eliminate freezing artifact [Rosene, Roy, & Davis, 1986] . Each block was then rapidly frozen by immersion in À751C isopentane in a container surrounded by a dry ice bath and 100% ethanol. Blocks were sectioned coronally on a freezing microtome into interrupted series of sections spaced at 560 mm intervals. Sections for Nissl staining were 80 mm thick and adjacent sections for immunohistochemistry were cut at 40 mm thick, stored at À201C in a 15% glycerol buffer solution until mounting and staining on l-polylysine subbed slides.
Thionin staining. Thionin staining, to detect Nissl bodies in the cytoplasm, was performed to analyze the tissue for neuropathology and to determine the density of neurons in the regions of interest. Tissue was de-fatted in a mixture of chloroform and 100% ethanol (ratio 1:1) for 3 hr, hydrated in successively decreasing alcohol solutions, stained with 0.5% thionin at pH 4.3 for 2.5 min and then dehydrated in successively increasing alcohol solutions (ddH 2 O, 70%, 95%, 100%, 100%). The sections were then cleared in three changes of xylene and coverslipped with Permount (Fisher, Pittsburgh, PA).
Immunohistochemistry. On-the-slide sections were initially incubated in a solution containing a low pH, 1.2% citrate-based, antigen retrieval solution (Vector, Burlingame, CA) in a standard, sealed pressure cooker, heated and fully pressurized for 1 min. Once completed, the slides were then placed in deionized water at room temperature for 5 min and incubated for 45 min at room temperature in a solution of 3% hydrogen peroxide and 50% ethanol to quench endogenous peroxidase and phosphatase activity. This was followed by three washes in 0.1 M Tris Buffered Saline (TBS; pH 7.4). Sections were then placed into a blocking solution containing 0.1 M TBS, 10% horse serum and 0.4% Triton X-100 for 2 hr. Sections were incubated in TBS containing 10% horse serum and 0.4% Triton X-100 and primary antibody [anti-Calbindin D-28k, SWANT, 1:500 dilution or antiParvalbumin, SWANT, 1:500 dilution; Celio & Heizmann, 1981; Celio et al., 1990] for 48 hr at 41C in vertical staining wells with agitation. Immunoreactivity was visualized using the Avidin-Biotin Immunoperoxidase method (Vector Laboratories) according to Hsu and Raine [1981] . After washing in TBS (0.1 M TBS, 1% serum, 0.2% Triton X-100), sections were treated with a secondary biotinylated anti-mouse antibody (1:200, Vector Labs) directed against the immunoglobulin of the primary antibody. After additional TBS washes (0.1 M TBS, 1% horse serum, 0.2% Triton X-100), the sections were incubated with an avidin-horseradish peroxidase complex and exposed to a 3% solution containing diaminobenzidine (DAB, ImmPACT DAB, Vector Labs, Burlingame, CA) for 10 min, which reacts with the peroxidases to form a colored precipitate that deposits at the site of the antigen. Sections were then rinsed with water, dehydrated, and coverslipped with Permount (Fisher). Figure 1 demonstrates the robustness and reliability of the calcium-binding proteins in the study, regardless of fixation time. Qualitative analysis of tissue. A qualitative, blind analysis of possible neuropathology in the PCC and FFG sections was made using a comparison microscope by TLK. With this microscope, paired tissue sections, matched for age-range, from control and autism brains, were shown side by side in the same field of view at the same magnification, permitting direct comparisons of lamination patterns, white matter neurons, and other cytoarchitectonic features.
Unbiased, design-based stereology. This method was used to determine the density of thionin-stained neurons and parvalbumin-and calbindin-immunoreactive GABAergic interneurons in the PCC and FFG. The cortical layers of the PCC and FFG were outlined using Stereo Investigator software (MBF Biosciences, Willington, VT; 4 Â magnification) and divided into superficial (layers I-IV) and deep (layers V-VI) layers. Cells were counted using a 63 Â oil immersion lens (numerical aperature 1.4). This system is based on the optical disector method, which allows the estimation of the number of objects in a known volume without introducing biases due to size, shape, or section thickness [Gundersen et al., 1988; Mouton, 2002] . In order to avoid edge and lost cap effects from cutting, a 5 mm (thionin study) or 4 mm (calbindin and parvalbumin studies) guard volume was implemented above the disector probe and a floating guard volume was left at the bottom of the disector.
Following processing of tissue, the average thickness of the PCC (superficial and deep layers combined) was 30.67 mm, a shrinkage of 62% for thionin-stained sections. For the Calbindin section, the average thickness was 17.79 mm, a 55% shrinkage. For Parvalbumin, the average thickness was 18.4 mm, a shrinkage of 53.5%. In the FFG, similar results were found. The average thickness of the thionin-stained section was 32.5 mm, shrinkage of 40%. In the calbindin sections, the average thickness was 17 mm, shrinkage of 43% and in the parvalbumin section the average thickness was 18.5 mm, a shrinkage of 46%.
For the thionin-stained sections, the disector height was 20 mm for both the PCC and FFG and the lower floating guard volume ranged from 1.2 to 12.5 mm. The disector area was 1,600 mm for both regions, the grid size for the PCC was 1,050 mm Â 1,050 mm (superficial layers) and 830 mm Â 830 mm (deep layers) and the grid size for the FFG was 950 mm Â 950 mm (superficial and deep layers). For the parvalbumin-and calbindin-stained sections, the disector height was 10 mm and the lower floating guard volume ranged from 0.6 to 11.4 mm. The disector area was 4,800 mm, and the grid size was 330 mm Â 330 mm (superficial and deep layers of the PCC) and 950 mm Â 950 mm (superficial and deep layers of the FFG).
The counting object for the thionin-stained sections was the nucleolus and the counting object for the parvalbumin and calbindin studies was the immunoreactive cell body.
A nucleolus or cell body was counted as it came into focus within the dissector box and above the bottom exclusionary plane, and not subsequently intersected by an exclusionary plane. The counting rules ensured that all objects regardless of size, shape, and orientation had an equal probability of being counted only once [Gundersen et al., 1988; Mouton, 2002] . The number of neurons counted (thionin positive, calbindin-and parvalbuminimmunoreactive) was divided by the total volume of the disector probe in each case. This provided a sample estimate of the total number of objects counted in a known volume of reference space, also known as the numerical density [Gundersen et al., 1988; Mouton, 2002] . The coefficient of error [Gundersen, Jensen, Kieu, & Nielsen, 1999] for each case in every study was less than 0.09.
Statistical Analysis
Student's t-tests were used to determine if there was a significant difference between the autism and control groups in the superficial and deep layers in each of the cell counting studies (thionin, calbindin, and parvalbumin). Student's t-tests were also performed to determine if the percent of calbindin or parvalbumin positive neurons differed between groups and if there were significant differences in the number of neurons (thionin, parvalbumin, calbindin) between the layers. T-tests were also used to determine if there was a difference in age or thickness of the mounted tissue sections (postprocessing) between groups. Mann-Whitney U nonparametrics tests were done to determine if the autism group with seizures had an effect on the cell counts in comparison with the autism group with no history of seizures. A P-value less than 0.05 was considered significant.
Results
Group Characteristics
There was no significant difference between the autism and control cases in age at death. For the FFG study, there was no significant difference in PMI; however, the PMI could not be tested in the PCC study because two cases had unknown PMIs. As seen in Table 2 , the average age in the PCC autism cases was 29.1 years and 36.6 years in the control cases (Table 2 ). In the FFG study, the average age was 26.9 years for autism cases and 25.9 years for the control cases (Table 3 ). The average PMI for the autism cases was 24.9 hr and for controls was 18.2 hr (based on the six known PMIs). The average PMI in the FFG cases was 18.9 hr for autism cases and 18.2 hr for control cases (Table 3) .
The average tissue thickness for all stereological studies was calculated and no significant differences were found in either the superficial or deep layers in either the PCC or FFG regions between the autism and control groups.
For example, in the thionin-stained sections (cut at 80 mm), the thickness in the superficial layers of the PCC was 30.6 and 29.6 mm in the autism and control groups, respectively. In the calbindin studies (tissue sectioned at 40 mm), the average thickness in the superficial layers of the FFG was 18.6 and 16.8 mm in the autism and control group, respectively.
Qualitative Analysis of the Regions of Interest
Posterior cingulate cortex. Figures 2 and 3 show specific examples from cases 4414 and 2431 of abnormal cytoarchitecture in the PCC. Overall, qualitative analysis revealed abnormalities in the cytoarchitecture of the PCC in all eight cases examined and specific details regarding the qualitative assessment on a case-by-case basis can be found in Table 3 . Case 3845 demonstrated an increase in the density of neurons in layers I and III compared to controls. In case 3511, neurons appeared irregularly distributed and clumped in layer II with smaller, and irregularly distributed neurons in layer III, while the large neurons typical of layer V were displaced superficially into layer IV. Cases 4414 and 2431 both had a poorly defined layer IV, superficially displaced layer V neurons, and an apparent increase in the density of white matter neurons. In addition, three cases (3916, 3711, 4999) had a poorly defined layer IV that was not clearly demarcated from layer V and case 4099 had increased density of neurons in the underlying white matter.
Fusiform gyrus. In marked contrast to the findings in the PCC, the cytoarchitectural patterns of the FFG in the autistic cases were unremarkable when compared to controls (Fig. 4) . The six-layered cortex has a distinct layer IV that is clearly separated from layers III and V. There was no abnormal clustering of neurons, no apparent increase in density of neurons in layer I or the white matter in autism. Although six of the cases had a history of seizures, this did not appear to account for the abnormal cytoarchitecture in the autism group. Three of the eight PCC cases had a history of seizures and had abnormalities in cytoarchitecture while the remaining five cases with no history of seizures also displayed abnormal cytoarchitecture. In the FFG group, where three cases had a history of seizures, no abnormality of cytoarchitecture was observed in any of the cases. Thus, it appears unlikely that the presence of seizures had an effect on the abnormal histoanatomic findings.
Quantitative Cell Counts
Thionin positive neurons. There was no significant difference in the density of thionin-stained neurons in the autism group as compared to control cases in either the PCC or the FFG (Figs. 5A and 6A) . Each symbol denotes a single case used in each study.
Parvalbumin-immunoreactive interneurons. There was no significant difference in the relative density of parvalbumin-immunoreactive interneurons between the autism and control cases in the PCC and the FFG (Figs. 4 and 5B). The percent of parvalbumin neurons (relative density of parvalbumin neurons/density of thionin neurons) in the PCC and FFG did not differ between the autism and control cases as seen in Figures 4 and 5C .
Calbindin-immunoreactive interneurons. No significant differences between the relative density of calbindin-immunoreactive interneurons in the autism and control brains were found in the PCC or in the FFG (Figs. 5D  and 6D ). However, there was a trend towards a reduction in the relative density of calbindin neurons in the superficial (P 5 0.070) and deep (P 5 0.085) layers of the PCC. Similar to the parvalbumin study, the percent of calbindin neurons (relative density of calbindin neurons/density of thionin neurons) in the PCC and FFG was not significantly different. Scatter plots of the percent of calbindin-immunoreactive interneurons is shown in Figures 5E and 6E .
Discussion
Summary
Because of the deficits in autism of processing emotionally significant events including faces, the present study focused on the FFG, a substrate where facial processing occurs and the PCC where the significance of events and faces is processed.
Posterior Cingulate Cortex
The significant findings of this study were that in a subset of autism cases, neurons in the PCC are irregularly distributed, layers IV and V are poorly demarcated, and there is an increased density of neurons in the underlying white matter in this same region. In contrast, there were no significant quantitative abnormalities in total neuronal density, or in the density of several subtypes of GABAergic interneurons. One case (3845) demonstrated a qualitative increase in neuron density, but upon further inspection, the quantitative density of thionin-positive and calbindin-and parvalbumin-immunoreactive interneurons was similar to the mean. The qualitative increase could have resulted from neuron subtypes not examined in the study (e.g. glia or calretinin-immunoreactive interneurons). The subjective impression of an increased cell packing density in multiple areas of the limbic system in the autistic brain, including the anterior cingulate cortex [Bauman & Kemper, 1985] , was not found in this quantitative study of the PCC. Simms et al. [2009] , in a quantitative study of the anterior cingulate cortex in the autistic brain, reported a reduced density of neurons in the deep layers of one of its subareas, 24c [Simms et al., 2009] . It remains possible that subtle changes in the density of neurons within specific subregions 23a-b exist in the PCC but were not detectable with our chosen sampling scheme, but future studies should explore this concept.
Fusiform Gyrus
The present study did not find cytoarchitectonic disruptions in the FFG nor were there any changes in neuronal density. This is in contrast to a recent study of the FFG that reported a reduction in the density of neurons in layer III and in total neuron number in layers III, V, and VI [van Kooten et al., 2008] . The present study did not find similar reductions possibly due to discrepancies in the areas counted. In the van Kooten et al. [2008] study, each layer was counted separately, whereas in the present study the layers were combined to look at the superficial (I-IV) and deep (V-VI) layers. Also, the age range in the present study was narrower (autism, 14-37; control, 13-36) than the van Kooten et al. [2008] study, which used seven autism and ten control cases (autism, 4-23; control, 4-65) , which may have contributed to differences in the results. The van Kooten et al. [2008] study did not make an attempt to cytoarchitectually define or assess the boundries of the FFG.
Abnormal Cytoarchitecture
The abnormal distribution of neurons in the posterior cingulate gyrus, which disrupts normal cytoarcthitecture, has also been reported in other cortical areas in the autistic brain, including the anterior cingulate gyrus [Simms et al., 2009] , frontal cortex [Bailey et al., 1998 ], middle temporal gyrus, and somatosensory association cortex [Hustler et al., 2006] . In the present study we observed two different developmental pathologies: The first is an altered distribution of neurons within the cerebral cortex and the second, is an abnormal density of white matter neurons. Both of these pathologies suggest a failure of normal cortical development during the migration of neurons from the ventricular germinal zone to the future cortical plate, which begins around eight weeks of gestation and is complete by 22 weeks gestation [Rakic, 1988; Sidman & Rakic, 1982] . Defects in migration fit into three categories: (1) complete failure of neuronal migration; (2) detention of migratory cells along the migratory pathways; and (3) aberrant placement of postmitotic neurons within their target area [Rakic, 1975] . In the PCC, the abnormal cytoarchitecture we observed appears to reflect the third process, an abnormal settling in of the neurons within their target region. The increased number of white matter neurons in the posterior cingulate gyrus could suggest detention of neurons along the migratory pathway. However, according to Harding and Copp [1997] , subcortical neurons that are associated with an arrest in migration, typically occur in cell clusters, but the white matter neurons in the autistic PCC were randomly distributed.
During neocortical development, a superficial plexiform layer is the first cortical zone to appear distal to the layer of germinal cells and constitutes the site of the future cerebral cortex. This zone is later divided into two Figure 6 . Neuron and interneuron density in the fusiform gyrus. There was no change in the density of thionin-stained neurons in the FFG. The density and percent of calbindin (B and C) and parvalbumin (D and E) was not changed between the autism and control groups. Each symbol is representative of a single case.
by the migration of the definitive neurons of the cerebral cortex. The superficial part becomes the marginal zone (future layer I) and the deep part, the subcortical subplate [Marin-Padilla, 1988; Super, Soriano, & Uylings, 1998 ]. During the later phase of cortical development, the subplate plays a temporary role as a ''holding pattern'' of synapses prior to the formation of the definitive cortical circuits. The subplate normally disappears shortly after birth [Okhotin & Kalinichenko, 2003; Shatz, Chun, & Luskin, 1998 ]. Hence, the excess white matter neurons of the PCC may be a persistent remnant of this fetal circuit.
Cortical Activation Patterns in Autism
There is a growing literature of fMRI studies that demonstrate a variety of abnormal activation patterns in autism. A number of these studies have reported a hypoactivation of the FFG during face processing in the brains of autistic individuals [Critchley et al., 2000; Grelotti, Gauthier, & Schultz, 2002; Hall, Szechtman, & Nahmias, 2003; Pierce et al., 2001; Schultz, 2005; Schultz et al., 2000; Wang, Dapretto, Hariri, Sigman, & Bookheimer, 2004] . This is interesting in light of the normal density of neurons and normal cytoarchitecture of the FFG observed in the present study. It has been proposed that the PCC evaluates information arriving through the ventral visual stream (FFG included) and continually assesses the emotional consequences of visual events. Additionally, it is suggested that the PCC is activated by familiar voices and faces [Shah et al., 2001; Vogt et al., 2006] . One possible explanation is that the underlying cellular anomalies that are present in the PCC may contribute to this dysfunction. The emotional significance of faces as they are registered in the PCC may produce abnormal feedback activation of the face-processing circuitry resulting in the hypoactivation of the FFG.
GABAergic Interneurons
In the present study, there was no significant difference in the density of parvalbumin-or calbindin-immunoreactive interneurons in either the PCC or FFG. There was, however, a trend towards a reduced density of calbindin positive neurons in the PCC. It remains possible that a slight reduction in calbindin-immunoreactive neurons could be present and contribute to the disorganized layering in the PCC, as double bouquet cells are important for mini-column organization [Mountcastle, 1997; Mountcastle & Powell, 2003 ]. The cases with the lowest density of calbindin-immunoreactive interneurons (4414, 2431, 3916) displayed a poorly defined layer IV and irregularly distributed neurons in layer V. Calbindinimmunoreactive neurons selectively innervate distal dendrites of target neurons and parvalbumin-immunoreactive neurons innervate their somal and proximal dendrites [Somogyi, Tamás, Lujan, & Buhl, 1998 ]. A slight reduction in the density of interneuron subtypes could result in altered circuitry, which would be supported by reduced GABA A and GABA B within these same regions [Oblak, Gibbs, & Blatt, 2009a,b] .
Concluding Remarks
The present study, taken together with previously reported investigations, emphasizes several aberrant features in the organization of the autistic brain: (1) the prenatal origin of the cortical abnormalities provide evidence for the presence of early abnormal cortical circuits; (2) provides further emphasis for the direct involvement of the limbic system in autism; and (3) provides support for the concept that functional abnormalities of specific cerebrocortical areas may reflect abnormalities in other, related cortical areas as opposed to only having a direct involvement.
Although early neuropathology studies in autism found increased cell packing density in the limbic system, those changes were not observed here. Instead the major observation of the present study is that virtually all of the PCC cases displayed significantly abnormal cytoarchitecture, either in the cortex, the white matter or in both, despite a relatively normal complement of neurons. The pattern of abnormal cytoarchitecture is consistent with disruption of the migration of neurons from the germinal zone to the cortical plate somewhere between 16 and 20 weeks of gestation. Hence there appears to be a significant developmental vulnerability during this period that affects the PCC. Although this is a striking finding, only two cases overlapped between the two regions leaving the possibility that the alterations we observed in the PCC are the result of case differences rather than region differences. However, in both cases alterations in the cytoarchitecture were found in the PCC but were absent in the FFG. Future studies should include the same cases between regions. In addition, a critical issue for future studies is to identify possible mechanisms for this vulnerability as well as to determine the functional consequences for potentially altered information processing in the PCC.
